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Reaction constants of renin in juxtaglomerular apparatus and
plasma renin activity after renal ischemia and hemorrhage
PETER WEBER, ECKHARD HELD, EIKE UHLICH and JOCHEN 0. C. EIGLER
II. Medizinische Klinik der Universitãt, Munich, West Germany
Reaction constants of renin in juxtaglomerular apparatus and
plasma renin activity after renal ischemia and hemorrhage. During
and after total renal ischemia and acute hemorrhage, renin
activity in plasma (PRA) and microdissected juxtaglomerular
apparatus (JGA) of rabbits were investigated. In controls, the
apparent Michaelis-Menten constant (MMC) of semipurified
standard renin of rabbits was 1025 233 SD ng/ml. Plasma renin
of normal rabbits showed similar values: 1062 138 SD ng/ml.
Intrarenal JGA renin, however, showed a great scatter of MMC
(920 to 4760 ng/ml) and a significantly higher mean value of
2572± 1156 so ng/ml (P<0.00l). After complete renal ische-
mia by clamping both renal arteries for a 90-mm period, the
following results were obtained: 1) Sixty mm after the beginning
of ischemia, PRA decreased from 20.9±9.8 SD to 7.6± 5.2 so
ng/ml .hr (P< 0.05) and increased to 103, 68 and 42 ng/ml hr 10,
30 and 90 mm after removal of the clamps, respectively (P <0.05).
2) No significant change of JGA renin concentration was found
0 to 72 hr after ischemia (68.5±73.0 to 65.6±49.0; P>0.l).
3) JGA renin activity increased significantly as indicated by a de-
crease of MMC from 2620±1091 SD to 1305 SD ng/ml, 30
to 90 mm after ischemia (P <0.002). After lowering mean arterial
blood pressure from 85±10 SD to 40±16 SD mm Hg by acute
hemorrhage, the following findings were registered: 1) PRA rose
significantly from 18.1± 10.5 SD to 81.2±35.6 ng/ml.hr (P<
0.001) and reached control values after retransfusion. 2) JGA
renin concentration decreased from 89.4 42.1 so to 45.2 36.4
SD ng/100 zl . hr per single JGA (P< 0.01). 3) The MMC of JGA
renin decreased from 2620±1091 SD to 1444± 358 SD ng/ml
(P< 0.002). This suggests a transformation of JGA renin to a
higher affinity form by these maneuvers. Our results indicate
that, in addition to increased renin release into the systemic cir-
culation, JGA renin activity is increased after renal ischemia
and acute hemorrhage; this activation is not mediated by an
elevation of enzyme concentration but by a decrease of MMC.
Constantes de reaction de Ia rénine de l'appareil juxta-glomeru-
lake et activité rdnine plasmatique après ischdmie rdnale et
hemorragie. Pendant et aprês l'ischémie rénale totale et aprés une
hémorragie aiguë les activités rénine du plasma (PRA) et des
appareils juxta-glomerulaires microdisséqués (JGA) de lapin ont
étó dtudiées. Chez les eontrôles Ia constante apparente de
Michaelis Menten (MMC) de rénine standard semi-purifiée de
lapins est de 1025 233 SD ng/ml. La rénine plasmatique de lapin
donne des valeurs semblables: 1062 138 so ng/ml. La refine
intrarénale des JGA, cependant, a une grande dispersion de
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MMC (920 a 4760 ng/ml) et one valeur moyenne significative-
ment supérieure de 2572± 1156 SD ng/ml (P<0,00l). Aprés
ischémie rénale totale par clampage des deux artères rénales
pendant 90 mm les résultats suivants ont été obtenus: 1) Soixante
minutes après Ic debut de l'ischémie PRA diminue de 20,9
9,8 so a 7,6 5,2 SD ng/ml. hr (P< 0,05) et augmente a 103, 68 et
42 ngJml . hr 10, 30 et 90 mm, respectivement, après l'ablation
des clamps (P <0,05). 2) Aucune modification significative de Ia
concentration de rénine dans les JGA n'est trouvée a 0 et 72
heures d'ischémie (68,5±73,0 et 65,6±49,0; P<0,l). 3) L'acti-
vité refine des JGA augmente significativement comme l'indique
une diminution de MMC de 2620± 1091 5D a 1305 song!
ml 30 et 90 mm après l'ischémie (P< 0,002). Aprés l'abaissement
de Ia pression artérielle moyenne de 85±10 SD 40±16 SD mm
Hg par une hémorragie aiguë les résultats suivants ont été
obtenus: 1) PRA augmente significativement de 18,1 10,5 SD a
81,2±35,6 ngjml.hr (P<0,001) et revient aux vateurs basales
aprés transfusion; 2) La concentration de rénine dans JGA di-
minue de 89,4±42,1 SD a 45,2±36,4 si ng/l00 izlhr par JGA
(P<0,0l). 3) La MMC des JGA diminue de 2620± 1091 so a
1444 358 so ng/ml (P< 0,002). Cela suggére une transformation
par ces manoeuvres, de Ia rénine des JGA, en une forme de plus
grande affinité. Nos résultats indiquent qu'en plus d'une aug-
mentation de Ia liberation de rénine dans Ia circulation systémi-
que, I'activité rCnine des JGA est augmentée apres l'ischémie
rénale et l'hémorragie aiguë; cette activation n'est pas Ic fait
d'une augmentation de Ia concentration de l'enzyme mais d'une
diminution de Ia MMC.
The analysis of renin activity in plasma (PRA) and
in kidney tissue after changes of systemic blood pres-
sure [1, 21, sodium and volume balance [3], renal blood
flow [4, 5] or nephron function has been hampered by
different interpretations of the term "renin activity"
which in these studies was not used in its enzymatically
defined form but rather to denote a certain angio-
tensin generation rate, depending on incubation pro-
cedures. Furthermore, marked differences in experi-
mental design make it difficult to characterize the
signals which activate the renin-angiotensin system
(RAS) and its local or systemic importance [6—9].
It has been widely accepted that renin, renin sub-
strate, converting enzyme and angiotensinase activity
are present in isolated juxtaglomerular apparatus
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(JGA) [10—15]. The in loco generation and function of
the biologically active compound angiotensin II
(A-Il) within the JGA therefore should be possible
[15—17]; and, indeed, in an experimental model the
activation of renin—the rate-limiting enzyme which
regulates the formation of A-lI—was found to be
dependent on the composition of tubule fluid at the
macula densa [18]. Renin release, however, was not
measured in these experiments. In other studies renin
release from the JGA was found to be independent of
tubule fluid composition. This was demonstrated by
experiments in which renin release could be stimu-
lated, although the macula densa signal was assumed
to be interrupted by blocking glomerular filtration [19].
The finding was interpreted in terms of baroreceptor
stimulation. Finally, renin release has been found to be
increased by administration of catecholamines [20, 21]
or by stimulation of renal nerves [21] and inhibited by
administration of A-Il, vasopressin [22] or potassium
[23], respectively. However, until now, no informa-
tion has been available, which correlates renin activa-
tion in the JGA with the amount of renin released
from the kidney after acute stimulation of the RAS;
and the mechanisms which transform RAS-stimulat-
ing signals into increased renin activity have not yet
been defined.
Our experiments therefore were performed in an
attempt to analyze the activation of renin in the JGA
by enzyme kinetic determinations of the reaction
constants and to correlate renin concentration and
renin activity in the JGA with plasma renin activity
after acute stimulation of the RAS.
Acute renal failure (ARF) following total renal
ischemia [24] and acute hemorrhage (AH) were re-
garded as reasonable approaches because PRA is
elevated in both human and experimental ARF
[25, 28] and during arterial hypotension [19, 29, 30],
thus indicating some form of activation of the RAS.
In order to allow for observations of an individual
sequence of events, serial analyses of PRA, JGA renin
concentration and reaction constants were performed
in the same animal.
Our results demonstrate some form of JGA renin
activation after total renal ischemia and acute hemor-
rhagic hypotension, characterized by a decrease of
the apparent Michaelis-Menten constant (MMC).
The JGA renin activation is paralleled by an increase
of plasma renin activity.
Methods
Renin substrate preparations. Renin substrate was
prepared from plasma of rabbits nephrectomized
24 hr before bleeding. After nephrectomy the renin
substrate concentration in plasma increased from
810± 180 SD to 2900±270 SD ng/ml, and after
(NH4)2SO4 precipitation and dialysis against dis-
tilled water for 48 hr and lyophilization from 42+ 3.9
SD (protein concentration in serum, 7g/l00 ml) to
170±30 ng/mg when 220 to 300 g of (NH4)2S04 was
added to 1000 ml of serum. As the final step, G-75
Sephadex gelfiltration (K 50/100) was used to con-
centrate renin substrate to 1000 ng/mg (expressed in
terms of angiotensin I generated by addition of an
excess of renin [0.5 GU/mI]). In this preparation no
activity of renin, converting enzyme or angiotensinase
activity was detectable [31].
Renin. Rabbit renin (charge, 66/133) prepared
according to the method of Haas et al [32] was used
as standard renin. The lyophylized protein of one vial
(21 mg) was dissolved in 1 ml of aqua bidest. The final
concentration used was obtained by further dilution
(1:20 up to 1:160) with the incubation solution.
Bioassay. Wistar rats (150 to 220 g of body wt) were
anesthetized with Inactin (100 mg/kg of body wt,
i.p./Fa. Promonta, Germany) and pretreated with
pentolinium tartrate (Ansolysen, 7 mg/kg of body wt
s.c.). Mean arterial pressure was recorded in the caro-
tid artery via a transducer (Statham, P0 23; Schwart-
zer equipment, recorder V 443, preamplifier GP 471).
For calibration, angiotensin 11, dissolved in 0.9%
NaCl (Va15-Hypertensin 11-Asp-fl-amid, Ciba), in
doses of 0.25 to 3 ng, was administered. The volume
injected did not exceed 80 d.
Radioimmunoassay (RJA). For the determination of
renin activities, an angiotensin I specific radioim-
munoassay (Imutope TMKit, Fa. Squibb/v. [-leyden,
Germany) was used. In principle, this assay is based on
the method described by Haber et al [33], but some
minor modifications were employed. The antibody
showed no cross-reaction with angiotensin 11 (Hyper-
tensin) in amounts up to 100 ng/ml or to purified renin
substrate in amounts up to 4000 ng/mI (expressed as
A-I). The recovery of angiotensin I added to samples
of plasma renin or JGA renin (0.5 to 5 ng/ml) ranged
from 92 to I02% (mean, 96±4%; N=15) during an
incubation time of two hours at 37°C. This proves that
angiotensin I formed during the analysis was not
inactivated by angiotensinases or converted by con-
verting enzyme. PRA was determined in 500 l samples
of K-EDTA plasma (2.5 x l0- M) incubated at 37°C
for 30 mm after addition of 5 d of 8-hydroxyquinoline
(3.5 x 10 M) and 5 l of dimercaprol (8 x 10 M).
In order to eliminate nonspecific antibody-binding
effects, control samples were incubated at 4°C rather
than 37°C [33]. Aliquots of 5 to 50 l were used for
RIA. In the RIA incubation medium, pH (9.0) and
temperature (4°C) were kept constant during the
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antigen-antibody equilibration period of 20 to 24 hr.
Under these conditions, no measurable renin activity
was found [13, 33, 37]. Determinations (standard
curves as well as unknown samples) were carried out
fourfold. The final incubation volume used in the
RIA was 500 the amount of tracer, 5500 to 6000
cpm. The standard curves allowed a quantitative
determination of A-I between 10 and 500 pg; the 50
intercept ranged from 90 to 120 pg (mean, 100 5
SD; N= 55). The radioimmunological determinations
of PRA and reaction constants were performed from
April, 1973 to January, 1974. In order to achieve
comparable values during the entire period, three
plasma pools were used as internal standards. The
mean PRA in these three standard plasma pools was
1) 1.02±0.1 SD (N=°l2), 2) 2.56±0.25 SD (N=22)
and 3)9.31±2.28 SD ng/ml.hr (N=l9), respectively.
The mean interassay variation coefficient was 14%.
Reaction constants of plasma renin. Ten i1 of rabbit
plasma (K-EDTA concentration, 3.5x 10 M) was
added to 65 l of Na-phosphate buffer (200 mM;
pH, 7.0) containing 0 to 500 ng of renin substrate.
The concentrations of added renin substrate and of
endogenous renin substrate (see Table 2) were ex-
pressed in terms of angiotensin I generated by incu-
bation with renin excess (0.5 GU/mI). The final reac-
tion volume was 85 d with a concentration of renin
substrate from x to x+4000) ng/mI (x=concentration
of endogenous renin substrate diluted 1:8.5). Incre-
ments in renin substrate concentration of 1:2:4:8.
were chosen. After incubation at 37°C for 60 mm,
aliquots were transferred into the RIA. A quantita-
tively relevant (> 15 to 20%) transformation of renin
substrate during this incubation period was prevented
by the dilution of plasma renin (1:8.5). In practice,
this means that the reaction velocity was constant
during incubation time, being determined at the initial
substrate concentration [34]. Therefore, initial reaction
velocities were measured and a simple Michaelis-
Menten equation could be used for the determination
of MMC [33—35]. Data were plotted according to
Lineweaver-Burk, and MMC as well as Ymax were
calculated by linear regression.
Determination of renin concentration and reaction
constants ofJGA renin. All samples were incubated in a
200 m Na-phosphate buffer. At this ional concentra-
tion, generation velocity of angiotensin is maximal
and remains constant [37]. Measuring the reaction
velocity of JGA renin and homologous renin substrate
at different pH's, the reaction velocity was found to be
maximal at pH 7.0 (Fig. I). Thus, all samples were
incubated at this pH.
The incubation mixture used for measurement of
the renin concentration of single JGA's contained the
following: 30 .d of JGA renin solution (200 mM
Na-phosphate buffer; pH, 7.0), 10 d of Na-EDTA
solution (final concentration, 3.5 x 10 M), 5 .d of
DFP dilution (final concentration, 1.3 x 10 M), 25 .d
of Na-phosphate buffer (200 mM; p1-I, 7.0) and 30 .d
of Na-phosphate buffer (200 mM; pH, 7.0) containing
rabbit renin substrate (concentration: 16,500 ng/ml)—
for a total of 100 1il (substrate concentration: 5000
ng/ml).
After mixing, centrifugation and incubation at
37°C for a period of 60 mm, the samples were heated
to 100°C for 10 mm, centrifuged and tested by rat
bioassay. Renin concentrations were calculated by
multiplying the measured values times the dilution
factor (3.3) and expressed in ng of angiotensin/l00
hr per single JGA.
In order to measure reaction constants of JGA
renin, JGA's exhibiting sufficiently high renin con-
centrations were diluted with buffer to a total volume
of 150 (or 220) l. The following incubation mixture
was used: 30 .d of diluted JGA renin solution (200 mrvi
Na-phosphate buffer; pH, 7.0), 10 .d of Na-EDTA
solution (final concentration, 3.Ox 10 M), 5 l of
DFP solution (final concentration, l.0x jØ3 M),
35 l of Na-phosphate buffer (200 mM; pH, 7.0) and
40 d of Na-phosphate buffer (200 mM; pH, 7.0)
containing rabbit renin substrate in concentrations of
500 up to 30,000 ng/mI—for a total of 120 lii. The
concentration of renin substrate was as follows: 166,
332, 665, 1330, 2660, 8000 and 10,000 ng/ml. The
reaction velocities were calculated by multiplying the
measured values times the dilution factor (8 or 12)
and expressed as ng of angiotensin/ 100 l hr per single
JGA. KM was calculated as already described herein
(see Reaction constants of plasma renin).
Microdissection method. Single glomeruli with
adherent capillaries were dissected from biopsy
specimens (taken by open needle biopsy—Menghini
technique—or by cutting small cortical pieces). The
glomeruli used were located 300 to 1500 below the
60
50
.. 40
30
>20
I0
.
.7
-o 4 5 6 - 7 8 pH
Fig. 1. Effect of pH on angiotensin formation rate. Temperature=
37°C; Na-phosphate buffer= 200 mM.
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surface; the dissection was performed without prior
bolus injection of Latex or dye into the blood vessels
[11, 15]. A stereomicroscope (Fa. Leitz, Germany,
magnification 80 to 160) was used and the tempera-
ture of the tissue sample was kept constant at + 2°C.
During a maximal dissection time of 45 mm, the
sample was illuminated by a fiber glass optic system.
immediately after dissection, the single glomeruli
were aspirated into small pipettes and transferred
into precooled vials. Two hundred m Na-phosphate
buffer of pH 7.0 was added (100 l per one JGA)
and the samples were kept deep-frozen at —25°C until
assaying. Liberation of intracellular enzyme was
achieved by freezing and thawing according to the
method of Brown et al [11].
in addition, specimens containing four to ten gb-
meruli have been investigated. This procedure was
performed to exclude artefacts caused by the dissection
method.
Renal ischemia. In 14 rabbits anesthetized with
pentobarbital i.v. (Nembutal, 40 mg/kg of body wt),
both renal arteries were clamped for 90 mm. Both
ureters and renal veins remained untouched. Arterial
blood pressure was recorded in the femoral artery
using a Statham element. From a femoral vein cathe-
ter, blood samples were drawn into precooled EDTA-
containing tubes. The samples were centrifuged at
+ 4°C and the plasma was stored at — 25°C until it was
assayed for PRA. PRA was measured before (control)
and after clamping the renal arteries for 60 mm.
After clamp removal, additional PRA determinations
were done (10, 30, 90 and 270 mm as well as 24, 48 and
72 hr later). Tissue samples were obtained by open
biopsy before and during ischemia as well as 30 mm,
90 mm, 24 hr and 72 hr after isehemia. Single JGA's
were dissected and stored as described above. Thus,
both plasma and JGA renin samples were frozen and
thawed once and the assay procedure was the same
for plasma and JGA rerun.
Table 1. Reaction constants of semipurified rabbit renin b
Renin concentration
(dilution of stock
KM
ng/ml
Vmx
ng/ml.hr
solution)
1:20 1000 182
1:40 1350 80
1:80 800 48
1:160 950 22
Mean 1025
Acute arterial hemorrhage. In four rabbits, 60 to 90
ml of blood (i.e., 30 to 40% of their total blood volume)
was removed during 30 to 45 mm via puncture of the
femoral artery while blood pressure was recorded
continuously. PRA was determined repeatedly during
hemorrhage and after retransfusion. Immediately
before hemorrhage (control) and five minutes after
reaching the lowest blood pressure hemorrhage),
biopsy specimens were taken for microdissection as
described above.
Statistical treatment of data. Results are expressed
as means (SD). Statistical analysis of the data was
performed using Wilcoxon's two-sample test [38].
Results
Determination of reaction constants of standard renin
and of renin in plasma and JGA's of normal rabbits.
To control both assay variation and methodological
error, the reaction constants of a standard renin
preparation were determined in the same way as JGA
renin (see Methods). The MMC calculated from Line-
weaver-Burk plots was 1025 233 SD ng/mI. Thus, the
assay variation of this method was 22%. Table I
gives the results of four determinations. The mean
values SD calculated for one renin concentration and
the theoretical curve characterizing the substrate
dependency of the angiotensin formation rate are
shown in Fig. 2. The mean MMC of plasma renin was
1062 138 SD ng/ml and was not significantly different
from values obtained using standard renin. PRA was
in the range of 17.5 to 31.0 ng/ml.hr, and the endo-
genous renin substrate concentration in plasma was
found to be between 730 and 940 ng/ml (see Table 2).
100
50
V
• E
E
0
0
0-
0
Obtained from MRC, London.
b KM=Michaelis-Menten constant, Vm = maximal reaction
velocity.
2000 4000 6000 8000 10000
Renin substrate concentration, nq/mI
Fig. 2. Effect of concentration of semipurified rabbit ref/n sub-
s/rate on angiotensin formation rate. The dots are the mean of
four determinations±so calculated for one renin concentration.
A standard rabbit renin preparation (charge, 66/133; MRC
London) was used; temperature=37°C; Na-phosphate buffer=
200 mM.
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Table 2. Michaelis-Menten constants of rabbit plasma renin
Rabbit
No.
KM
ng/mi
PRA
ng/mi.hr
Endogenous renin
substrate concen-
tration in plasma
ag/mi
1 1200 22.1 940
2 1150 26.1 760
3 900 17.5 810
4 1000 31.0 730
Mean 1062
SD
Lineweaver-Burk plots of plasma renin from control
animals compared with those of rabbit standard
renin showed good agreement indicating an almost
similar MMC (Fig. 3, left half). In order to compare
the MMC of standard and plasma renin with those of
JGA renin, the reaction constants of renin of 19 single
JGA's from four control animals were determined
(see Table 3). The mean MMC was 2572± 1156 SD
ng/ml and, thus, significantly above those obtained
both from plasma renin and standard renin (P<
0.001). Typical Lineweaver-Burk plots of JGA renin
from four single JGA's are shown in Fig. 3, right half.
Because of the relatively small methodological error
of 22%, these differences represent differences in
the apparent reaction constants of renin from different
JGA's.
By comparing the results of determinations of renin
concentration of single glomeruti and of pooled
Table 3. Reaction constants of renin of single, micro-
dissected JGA of normal rabbits
Rabbit
No.
KM
ag/mi
Vmax
ng/100 d•hr
1 1570
2370
3520
2280
91.4
31.2
154.0
56.7
2 2660
4520
2770
18.8
100.0
47.5
3 1030
1110
4760
1000
2350
920
18.1
22.1
43.5
33.0
71.5
8.0
4 3700
3350
2560
1900
2630
3870
154.1
83.2
19.4
56.3
32.8
11.2
Mean 2572
SD
55.4
dissected glomeruli, systematic errors during micro-
dissection or analysis could be excluded. The mean
renin concentration of single JGA's was 77 98 SD
and 84 72 SD ng/lOO l .hr per one JGA (F> 0.1),
respectively (see Fig. 4). Parallel determinations of
JGA renin concentration of 44 single JGA's of four
normal rabbits both by bioassay and RIA gave iden-
tical values (r=0.99; y= 1.lx +2.4) (see Fig. 5).
Ischemia. During total renal ischemia PRA de-
creased in accordance with the well-known biological
t4- value of plasma renin. After removal of the clamps,
PRA increased immediately from 7.6±5.2 SD to
102±84 SD ng/ml. hr (P <0.05) and reached values not
significantly different from controls after 24 hr (Fig. 6).
Despite animal variation with respect to the absolute
value (height) of intrarenal renin concentration, no
significant change during and after ischemia could be
detected (Fig. 7). In contrast, the MMC of JGA renin
during total renal ischemia decreased from 2620 1091
SD to 1586+ 538 SD and 1305 SD ng/ml between
30 and 90 mm after ischemia, respectively (P <0.002).
Seventy-two hours after ischemia, an increase to
1970± 273 SD ng/ml was seen (P<0.Ol) (see Fig. 8).
Thus, an activation of JGA renin after renal ischemia
is demonstrated. The values of all determinations of
the reaction constants of JGA renin are summarized in
Table 4.
Hemorrhage. Under conditions of controlled arterial
hypotension by hemorrhage (mean arterial blood
I/v
—0001 +0001 0003 0.005 I/S
Fig. 3. Left half, Line weaver-Burk plots of plasma renin of three
normal rabbits (rabbit 6, 8, 9) and of a standard rabbit renin pre-
paration (charge 66/133 MRC London; diluted 1.20 and 1:40).
Temperature = 37°C; pH = 7.0; in Na-phosphatebuffer = 200mM.
Right half, Line weaver-Burk plots of ream of four single micro-
dissected glomeruli of normal rabbit:. Temperature =37°C;
pH=7,0; in Na-phosphate buffer, 200 mri.
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0
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0
V
= 0.991
100
I _
10
77 98 (SD)
.
I
S
I.
84 72(sD)
50-
0
__ __
Pooled glomeruli
Fig. 4. Determinations of renin concentration of single glomeruli
(left) and of four to ten pooled dissected glomeruli calculated for
o,Ie glotnerulus (right).
pressure was lowered from 82 to 40 mm Hg), a signi-
ficant increase of PRA from 18.1 10.5 SD to 81 35.6
SD ng/ml.hr was observed (P.zO.001). At the same
time, JGA renin concentration decreased from 89.4±
42.1 SD to 45.2 36.4 SD ng/l00 l -hr per single JGA
(P <0.01).
Similar to results obtained during renal ischemia, a
marked activation of JGA renin was also demon-
strated under conditions of arterial hypotension:
MMC decreased from 2620±1091 sDto 1444± 358 SD
ng/ml (P <0.002) (Fig. 9, Table 4).
The correlation between the Michaelis-Menten
constants, KM, and the maximal reaction velocities,
Vmax, under control conditions on one hand and the
corresponding values after complete renal ischemia
and hemorrhage on the other is shown in Fig. 10.
Again, the changed kinetics of the renin/renin sub-
Single glomeruli
100
L
: 100a0
E
_________E
0
0
CO
100
Rat bioassay, ng/100 1dhr
Fig. 5. Comparison of parallel determinations ofJGA renin by bio-
assay (abscissa) and RIA (ordinate). The regression line shows a
highly significant correlation: r=0.99; y= 1.lx +2.4. (S)=
5000ng/ml; temperature = 37°C; Na-phosphate buffer= 200 mM;
pH=7.0; DFP=1.3x lO-3M, Na-EDTA=3,5x 103M.
strate reaction after stimulation of the RAS, i.e., an
enzyme activation characterized by a decrease of
MMC, becomes evident. In contrast, Vmax remained
unchanged.
Discussion
First, several methodological aspects of this study
deserve critical consideration: in order to follow the
changes in intrarenal renin activity over days within a
single experimental animal, renal tissue samples were
obtained by repeated biopsy. This technique excluded
the possibility of injecting intravascular cast material
for identification of glomerular vascular poles [13, 15],
420) (350)
200
60
off
90mm
20
4 Clamp
Control 60 0-10 30 90—270 mitt 24 48 72 hr
Itchemia p pj pj p( pi pi
Fig. 6 Plasma renin activity (PRA) during and after total renal
isc/iemia. pi=post ischemia; N= 14 rabbits.
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Table 4. Reaction constants of JGA renin before and after total renal ischemia and acute hemorrhage
Rabbit Control lschemia Hemorrhage
No.
During
KM Vm
During
(10—60 mm)
After
(30—90 mm)
After
(72 hr)
KM Vman KM Vmnx KM Vntx KM Vmnx
,ig/ml ng/100 p.!. hr ng/mI ng/100 p.! hr ng/ml ng/100 p.! hr ng/m! ng/100 p.! hr ng/ml ng/100 p.!. hr
5 2433 83.0 1050 50.3
2850 11.5 900 12.5
2000 24.3 1480 78.3
1280 33.0 1360 71.2
6 3700 75.8 2200 84.4 2000 135.0
3316 55.3 1820 182.3 1560 5.4
1610 5.6
4540 15,2
7 3120 158.2 1370 62.0
1440 56.8 1000 133.0
l8l0 16.4 850 21.4
8 1862 34.0 1050 50.6
2305 42.3 980 16.5
2850 20.8 1320 31.4
9 2900 36.6 1660 4.5 2000 238.0
4150 280.0 2200 32.6 700 41.5
2111 59.6
10 4520 158.0 2000 95.0
2100 37.4 2100 104.0
2900 11.6 1580
2200
4.5
45.3
11 2500 22.8 1660 50.0
2480 108.7 1300 2.5
3340 136.4 900 40.0
12 3300 245.3 1540 91.2
3540 53.8 1820 85.3
Mean 2620 68.5 1586 71.8 1305 68.6 1970 65.6 1444 53.5
SD 1091 ±73.0 ±538 ±67.4 ±429 ±79.2 ±273 ±49.0 ±358 ±35.8
oIl
90 mm
Renal artery clamp 5000
4000
n 3011
en
3000
•200
-
8 oo 0
(10mm, (30 mitt, 90 mm) 72hr
Control
Dr
After ischemia
Control 0 rein di 60 mmdi 30 mm pi 90 rein pt 72 hrpi ischemia
Fig. 7. Intrarenal renin concentration measured in single micro- Fig. 8. Michae!is Menten constants, KM, calculated from Line-
dissect ed JGA 's of six rabbits before, during and after renal weaver-Burk plots of renin of microdissected glomeruli during and
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Fig. 9. Acute hemorrhage in rabbits: a) mean arterial blood
pressure, b) plasma renin activity, c) renal renin concentration
in single microdissected glomeruli, d) Michaelis Menten con-
stants of JGA renin.
which necessarily introduced some degree of uncer-
tainty in localizing exactly the JGA region in the tissue
samples. Part of the scatter in the JGA region values
may be explained by these technical difficulties.
However, the renin conceatration per unit of glomeru-
lus in single microdissected glomeruli (77 98 SD)
and in groups of glomeruli taken together with small
pieces of surrounding tissue (84 72 SD ng/100 il .hr)
did not show a significant difference (see Fig. 4).
Parallel determinations (bioassay vs. RIA) yielded
identical results, indicating that only A-I was formed
during the incubation time (Fig. 5). Therefore, it was
possible to compare renin values obtained by these
two methods without correction. The renin substrate
concentration of 5000 ng/ml used to determine JGA
renin concentration provides a substrate excess even
for the highest renin concentrations found [35]. This
can be concluded from the observation that at mean
KM values of 2600 to 1300 ng/ml, a substrate con-
centration of 5000 ng/ml gave reaction velocities
approximately 90% of those measurable at a substrate
concentration of 10,000 ng/ml. This is in agreement
with earlier data obtained with rabbit renin [39].
Moreover, Vmax values calculated from Lineweaver-
Burk plots (see Table 4) did not differ from those
measured at a substrate concentration of 5000 ng/ml
(see Fig. 7).
The precision of PRA analysis by radioimmuno-
assay was determined by measuring the variation
coefficient within three different ranges of the standard
curve. The variation coefficient was between 10 and
20%, and on the average, 14%. Therefore, the abso-
lute values of the determinations of PRA during the
period of the experimental series were compared
without correction.
For the Michaelis-Menten constant, the term "ap-
parent MMC" was used because renin was not studied
in a purified form [35]. On the other hand, the aim of
the study was not to determine absolute values for
reaction constants of renin. Rather, the purpose was
to compare these constants for "untreated" renin
a) in plasma and single JGA's and b) in JGA's before
and after stimulation of the RAS. In all experiments,
only one pool of homologous renin substrate with a
high specific activity (1000 ng/mg) and the same
analytical methods were used [34J. With respect to
0
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Fig. 10. Correlation between Michaelis Menten constant (J(M) and
maximal reaction velocity (Vmax) of JGA renin during control
(open circles) and after stimulation (black dots =after total renal
ischemia or acute hemorrhage).
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the evaluation of Vmax and KM, the method of Line-
weaver-Burk is generally accepted [34, 35] as long as
the relation between substrate concentration, enzyme
concentration and incubation time fulfills the follow-
ing criteria: 1) substrate consumption should be less
than 20% [34] allowing for the measurement of initial
reaction velocities, and 2) an accumulation of experi-
mental points near the left-hand side in the double
reciprocal plot should be prevented by using incre-
ments in substrate concentration in the ratio of
1:2:4:8 . . . [35]. Our method satisfied these criteria
and, therefore, Lineweaver-Burk plots could be em-
ployed to calculate KM and Ymax.
In addition, for various reasons (use of renin of
other species, use of acidified and/or extracted renin,
use of heterologous renin/renin substrate systems or
use of different incubation mixtures), it is not possible
to compare the absolute values of reaction constants
as found by us with those obtained by others [13, 34,
36, 37, 39].
In order to evaluate the accuracy of the method
used to measure reaction constants of renin, serial
analyses of a standard renin preparation were per-
formed using the bioassay method. The MMC ob-
tained was 1025±233 SD ng/ml; the inherent error,
22%. This allows for measurements of biologically
relevant changes of enzyme characteristics (see Fig.
2 and Table 1).
It should be emphasized that MMC's of plasma
renin of normal rabbits (KM: 1062 138 SD) and those
of standard rabbit renin (1025 233 SD ng/ml) were
identical within the limits of error of the method (see
Tables 1 and 2). Therefore, it seems that active plasma
renin is present in a uniform configuration at pH
7.0 [30], possibly similar to that of semipurified kidney
renin, which is acidified during extraction [32]. A
quantitative comparison of the reaction constants
shows that the mean MMC of the JGA renin is
significantly higher than that of plasma or standard
renn (P<0.00l)(K1: 2620± 1091 SD vs. 1062± 138 SD
and 1025 233 SD ng/ml, respectively).
In an attempt to interpret this significant difference,
at least two explanations may be considered: 1) Within
the JGA, renin might exist in different forms of con-
figuration characterized by various reaction constants.
Thus the differing MMC's of renin from single JGA's
under control conditions may be the net effect of vary-
ing amounts of a more active form of renin vs. a more
inactive one, an interpretation that can be supported
by data in the literature: Extraction of renin from
kidneys under "extremely gentle conditions" [40]
gives results compatible with the existence of two forms
of renin, characterized by different physico-chemical
and biological properties. 2) In addition to renin,
other substances may be liberated from the JGA or
surrounding tissue during the process of cell destruc-
tion by freezing and thawing, and may interfere with
the physiological renin/renin substrate reaction.
These substances could be either of biological signifi-
cance or artefacts with no biological relevance but
with an influence on the renin/renin substrate reaction
in vitro [41—44].
If, however, in two different experimental models, a
directed change of MMC can be detected after stimu-
lation of the renin-angiotensin system, artefacts
influencing the renin/renin substrate reaction appear
to be unlikely (Figs. 8, 9 and 10). Total renal ischemia
leading to acute renal failure [241—and hemorrhagic
hypotension [19, 29, 30] are both known to affect the
renin-angiotensin system. During arterial hypo-
tension, renin activity in peripheral plasma is increased
[19, 29, 30] and total renal ischemia is followed by an
increase of PRA [24].
The data presented here indicate that after renal
ischemia and during hypotension the increase of
intrarenal renin activity is caused by an activation of
renin, characterized by a decrease of the MMC.
Despite the wide scatter of individual renal renin
concentrations (see also [3, 11, 13, 15]), the data
clearly indicate that JGA renin is activated in the
absence of a significant change in its concentration.
The increase of PRA—measured at pH 7.0—after
renal ischemia and acute hemorrhage confirms results
of others [19, 25—30] and may be explained by in-
creased renin release (see Figs. 6, 7 and 9). At the same
time, renin concentration in the JGA remained
unchanged (total renal ischemia) or decreased (acute
hemorrhage). This difference may suggest that during
acute hemorrhage a preform of renin (vide infra) is
released from the JGA, resulting in a decrease of JGA
renin concentration. This assumption is also sup-
ported by data in the literature [30]: In dogs the re-
lease of a preform of renin was found to be markedly
increased after stimulation of the RAS by hemorrhage;
the authors concluded that stimulation of /3-receptors
may be responsible for this effect. Since we found
renin concentration in the JGA to remain unchanged
after total renal ischemia, one may conclude that such
impulses are not operative in the postischemic con-
dition.
An interference with pseudorenin [46] which has a
pH optimum of 4.5 and reacts—in contrast to renin—
very poorly with native renin substrate but well with
the synthetic tetradecapeptide substrate seems un-
likely because in our analyses a pH of 7.0 and the
native renin substrate were used.
The mechanism(s) leading to the activation of the
JGA renin are unknown, but two—as yet hypothetical
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—explanations should be mentioned: 1) The activa-
tion of renin may be produced by transformation of a
less active form into a more active one, indicated by a
decrease of the MMC. This transformation may also
take place under anaerobic conditions, i.e., under
conditions of decreased energy supply [47]. In vitro
this transformation seems to be reproducible arti-
ficially by acidification down to pH 2.5 [40]. 2) The
decrease of the MMC after renal ischemia or acute
hemorrhage may result from a decrease in inhibiting
factors [41—44] or an increase in activating factors of
JGA renin.
Analyses of reaction constants of renin in enriched
subcellular structures and analyses of renin release
kinetics are needed for further clarification and a
more precise characterization of the biochemical steps
involved [48].
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